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(57) In the IEEE 1394 communication standard, 
communication at a data rate of S100 : S200 : S400, 
S800 r S1600 : S3200 or at a faster speed in the future 
can be performed. When the 1394 communication is 
performed with an optical-fiber cable (5) and a UTP ca- 
ble (6), it is possible to cope with high-speed communi- 
cation by arranging bits being not used at a low speed, 
on a data stream. Transmission of data rates is realized 
by sending speed-control symbols at a predetermined 
speed. As for a Tp bias signal, an equivalent object is 
achieved by sending predetermined control symbols. 



FIG. 6 



1. 394 JNK LSI 



139- Ph v PROTOCOL LOGIC 



12 



CS C00!N'3 
J 



13 



AM A LOG 



] 1334 SOCKET 



46 .'5B \- 
CONVERSION 



MLT - 3 
CIRCUIT 



ANALOG 
CIRCUIT 



,15 



r!6 



17 



-18 



INSULATING 
TRANSFORMER 



.4 



UTP OR STP L 3 
CONNECTOR | 



Printed by Jouve. 75001 PARIS fFFh 



1 



EP0 834 815 A2 



2 



Description 

The present invention relates to a data communica- 
tion interface. 

A system in which electronic apparatuses,such as $ 
a digital-videotape recorder, a digital television receiver, 
and a personal computerare connected by the IEEE 
1394 (hereinafter referred to as the M 1394") serial bus ; 
and a digital-video signal a digital-audio signal, a con- 
trol signal and so forth are communicated among the 
electronic apparatuses is considered. 

In the cable connecting the adjacent apparatuses 
in this system there are provided two pairs of twisted 
pair cables. One pair of cables is used to transmit data, 
while another pair of cables is used to transmit strobes. 
The data is coded by the DS (data strobe) coding meth- 
od, and is transmitted. 

In addition, a Tp bias signal is output to the one pair 
of twisted pair cables. When the Tp bias signal is de- 
tected by one apparatus connected by the 1394 cable, 
the apparatus having detected the bias signal become 
aware of its being connected to another apparatus, and 
resets the bus. When the bus has been reset, physical 
addresses are automatically assigned to the respective 
apparatuses. When a digital-video signal or the like is 
transmitted, transmission of the signal is started after 
performing acquisition of a necessary band and chan- 
nel. 

A signal for notifying another apparatus of one ap- 
paratus's data rate is transmitted to the other pair of 
twisted pair cables. The apparatuses directly connected 
by the twisted pair cables are capable of knowing each 
other's data rate. 

As described above, conventionally, a cable defined 
by the 1 394 (hereinafter referred to as a "1394 cable") 
is needed to realize communication via the 1394 serial 
bus (hereinafter referred to as the "1394 communica- 
tion"). 

The present invention addresses the problem of 
providing a data communication method, an electronic 
apparatus and an integrated circuit in which the multi- 
purpose usability of the 1 394 interface can be expanded 
by using multi-purpose cables for use in a communica- 
tion interface in which a data rate is variable and a cable 
to be used is defined as in the 1394 communication in- 
terface. 

To this end, according to one aspect of the present 
invention, there is provided a data communication meth- 
od in which a plurality of electronic apparatuses provid- 
ed with a communication interface based on the IEEE 
1 394 standard are connected by at least one type of ca- 
ble among optical-fiber cables, unshielded-twisted pair 
(UTP) cables or shielded-twisted pair (STP) cables, and 
communication is performed among the electronic ap- 
paratuses. 

The 1 394 communication can perform communica- 
tion at S100, S200, S400, S800, S1600 and S3200, and 
perform communication at a higher speed in the future. 



When the 1394 communication is performed with the 
optical-fiber cable, the UTP cable and the STP cable, 
bits being not used at a low data rate to transfer data in 
a data packet to be transmitted are arranged on a aata 
stream so as to be adapted for high-speed communica- 
tion. 

Data-rate transfer realized with identical-phase sig- 
nals in the conventional 1 394 communication is realized 
by sending predetermined speed-control symbols when 
the optical-fiber cable, the UTP cable and the STP cable 
are used. 

In the data communication method an effect equiv- 
alent to that of a bias signal, defined in the IEEE 1394 
standard, to be supplied to the cables is realized by 
sending predetermined control symbols. 

According to another aspect of the present inven- 
tion, there is provided an electronic apparatus provided 
with a terminal to which a cable defined in the IEEE 1 394 
standard is connected, and a terminal to which at least 
one type of cable among an optical-fiber cable, a UTP 
cable and an STP cable is connected. 

According to a further aspect of the present inven- 
tion, there is provided a data communication method in 
which, when an interface adapted for a data-communi- 
cation system having a variable data rate is used to per- 
form data communication among a plurality of electronic 
apparatuses, a cable defined in the data-communica- 
tion system is used, wherein, when a communication 
channel for performing the data communication using a 
multi-purpose cable different from the cable defined in 
the data-communication system is used, the data com- 
munication is performed using an arrangement of bits 
corresponding to the maximum data rate, and when the 
multi-purpose cable is used to perform the data commu- 
nication at a low data rate, a bit region being not used 
to transfer data in a data packet to be transmitted is ar- 
ranged on a data stream so as to be adapted for the 
plurality of data rates. 

According to a still further aspect of the present in- 
vention, there is provided an integrated circuit formed in 
a physical layer based on an interface adapted for a da- 
ta-communication system whose data rate is variable, 
wherein the integrated circuit includes: a terminal to 
which a cable defined in the data-communication sys- 
tem is connected: and a terminal to which a multi-pur- 
pose cable different from the cable defined in the data- 
communication system is connected. 

The 1 394 communication and so forth may be real- 
ized by using an optical-fiber cable, a UTP cable and an 
STP cable. Thus, the multi-purpose usability of the 
1 394-communication interface and the like can be ex- 
panded. 

Embodiments of the invention will now be de- 
scribed, by way of example only, with reference to the 
accompanying drawings in which: 

Figs. 1 A to 1 D are charts showing examples of ar- 
rangements of symbols on data streams, according to 
one embodiment of the present invention. 
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Figs. 2A to 2C are charts showing a method for 
transmitting data rates when a 1394 cable is used. 

Fig. 3 is a chart showing an embodiment of a meth- 
od for transmitting a data rate according to one embod- 
iment of the present invention. 

Fig. 4 is a chart showing examples of 4B/5B codes 
used in one embodiment of the present invention. 

Figs. 5A and 5B are charts showing a method for 
realizing a Tp bias when an 1 394 cable is used and an 
example of a method for realizing a Tp bias according 
to one embodiment of the present invention. 

Fig. 6 is a block diagram showing a physical-layer 
control LSI according to one embodiment of the present 
invention. 

Fig. 7 is a block diagram showing a physical-layer 
control LSI according to another embodiment of the 
present invention. 

Fig. 8 is a block diagram showing a physical-layer 
control LSI according to a further embodiment of the 
present invention. 

In the 1 394 communication there are defined com- 
munication data rates of S100 (98.304 Mbps), S200 
(196.608 Mbps) and S400 (393.216 Mbps). At first, a 
method for coping with the three speeds with an optical 
fiber and a UTP will be described. 

In Figs. 1 A to 1 D are shown arrangements of sym- 
bols when a maximum data rate of S400 is used. Fig. 
1A shows an arrangement of the symbols on a data 
stream. At a data rate of S100, only one symbol out of 
four symbols is used to perform communication as 
shown in Fig. 1B. Two symbols are used at S200 as 
shown in Fig. 1 C, and all the symbols are used at S400 
as shown in Fig. 1 D. This manner enables communica- 
tion at a quarter data rate and a half data rate. In addi- 
tion, if communication at a speed equal to or more than 
S400 is newly defined in the future : the intervals of bits 
to be used are adjusted. In this case, nodes performing 
communication need to know each other's maximum 
data rate. Although the operating conditions of the sym- 
bols (in units of four bits) corresponding to the data rates 
are shown in Figs. 1A to 1D : the symbols may be ar- 
ranged in units of one bit two bits, one byte (eight bits) 
or one word (sixteen bits). 

This method can be applied to the data area of a 
1394 packet (being isochronous or asynchronous) 
shown in Fig. 3. In application, positions at which a 
transmitting end and a receiving end read symbols must 
be synchronized, which is executed by the following 
method. In other words, in the prefix area, control sym- 
bols M JK" are continuously transmitted. Both communi- 
cation nodes must know that each node will start reading 
the symbols just after the continuous output of the sym- 
bols JK (or after the designated number of the symbols) 
is interrupted. The unique arrangement of the symbol 
"JK" is effective in symbol synchronization. Accordingly, 
in this embodiment, separation for each set of five bits 
is easily recognized by the symbol "JK d . In Fig. 3 the Arb 
represents arbitration, and T represents a symbol "T" 



(end). 

Next a method for transmitting data rates in the 
1394 communication will be described. As shown in 
Figs. 2A to 2C, according to the 1394 cable, data rates 
s of S100. S200 and S400 are transmitted by setting the 
levels of TpB and TpB* : as bias signals which flow in the 
cable for transmitting the strobe signal, to mutually dif- 
ferent predetermined levels during e.g., 100 to 120 na- 
noseconds. 

w In addition, according to the 1394 communication 
using the optical-fiber cable, of the present invention, 
the UTP cable or the STP cable, the data rates are trans- 
mitted based on the number of times for sending the 
control symbols. Fig. 4 shows a table of symbols used 

is in the present invention. In the 1 394 communication us- 
ing the optical-fiber cable, the UTP cable or the STP ca- 
ble, data of the 1394 communication is transmitted by 
4B/5B codes. The 4B/5B codes are a coding method 
standard used in digital data communication, and are 

20 also used in 100-Mbps Ethernet FDDI and so forth. 
Each symbol employed as a code has a different use 
depending on the communication method using the 
symbol. Differently from this one. there are many types 
of coding methods, which will be described below. 

25 The 4B/5B codes have sixteen types of control sym- 
bols. The symbol "JK" is transmitted to the prefix area 
of a 1394 packet, and for example, the symbol "S" is 
used for notification of the data rate. At this time the data 
rate is transmitted based on the number of times for 

30 sending the symbol "S" to the prefix area of the 1394 
packet. For instance, as shown in Fig. 3, no sending of 
the symbol "S" means S100, the sending once means 
S200, and the sending twice means S400. Even if a fast- 
er data rate is added to the 1 394 standard in the future, 

35 this method is capable of coping with such a case by 
increasing the number of times for sending the symbol 
"S". Instead of the recognition with the number of times 
for sending the symbol tt S" : the case of sending another 
predetermined symbol, e.g., the symbol "FT may be rec- 

40 ognized as S400. 

Although the number of the symbols "JK" in the pre- 
fix region differs depending on each data rate, it is pref- 
erable to insert the symbol M S" used for notification of 
the data rate in the first half as so as circumstances per- 

^5 mit. This is because it is preferable that data-rate infor- 
mation be recognized as early as possible. The symbol 
"JK" must be initially sent. The reason is that symbol 
synchronization needs to be performed as described 
above. 

so The foregoing has described the 4B/5B codes by 
way of example. However, coding methods such as RMI 
(restricted mark inversion), CMI, AMI, mB/1C : mB/nB, 
4B/3T. and 2B1Q codes, to which the present invention 
can be applied, are realized by similarly assigning the 

55 1 394 control signals to the control codes of each coding 
method. For example, according to an example of 8B/ 
10B coding, a symbol "Data-Prefix" is used as a control 
symbol (corresponding to the "JK"), and a symbol 
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"speed" is used as a transmission-rate communication 
symbol (corresponding to the "S"). The use of these is 
similar to that of the \JK" and the "S". 

In addition, as shown in Fig. 5A : there is the Tp bias 
signal in the 1394 communication, which is used to de- 
tect with a cable one node being connected to another 
node. In other words, by fixing TpA and TpA* as bias 
signals in a data-flow cable at high levels, the Tp bias 
is switched on. Also, as shown in Fig. 5B, in the optical- 
fiber, UTP or STP cable, by continuously sending a con- 
trol symbol different from "Q", the Tp bias is switched 
on. When the symbol H Q M comes, the Tp bias is deter- 
mined to be off. The "Q" represents a condition without 
a signal. For example, also a condition with a connector 
removed is equivalent to the condition "Q". 

Even when the Tp bias is off, maintaining connec- 
tion to another node requires synchronization. In this 
case continuation of the symbol "Q" for a long period is 
disadvantageous in synchronization. Accordingly the 
use of a control symbol with large signal change, e.g., 
"1" obtains an advantage of maintaining PLL stability. 
The phrase "large signal change" has the following 
meaning. 

An MLT-3 circuit 16 and an NRZI coding circuit 20 
(described below) change their output levels whenever 
bit "1 " is input thereto. Since the symbol "I" is apparently 
"11111" as shown in Fig. 4, the level changes with re- 
spect to a total of five bits. Accordingly, such a condition 
is described as large signal change. Therefore, as de- 
scribed below, in the case of the optical fiber which is 
not affected by unnecessary radiation, the symbol T 
may be used. The symbol "I" is data which is sent when 
there is no data, and is used to mainly maintain synchro- 
nization. In reverse, when a cable which is easily affect- 
ed by unnecessary radiation, such as the UTP or STP 
cable, a control symbol with small signal change is 
needed. 

In particular, in the case of the UTP or STP cable it 
is necessary that the unnecessary radiation be weak- 
ened when a control symbol with strong signal change, 
e.g., "1" is sent. Instead, when the symbol "1 M needs to 
be sent, a control symbol with small signal change, e. 
g., "IT is sent for a response. The STP cable is less af- 
fected by the unnecessary radiation than the UTP cable 
since it is processed for shielding. However it is prefer- 
able to use the symbol "IT. As shown above, the control 
symbols "Q", T and "H" have respective characteristics, 
so it is ideal that they should be used to correspond to 
the type of cable. Nevertheless, when it is requested that 
control symbols common in any type of cable be used, 
proper selection is performed considering the charac- 
teristics and defects of each type of cable. 

Concerning a physical-layer-control large-scale in- 
tegration (LSI) according to the present invention, three 
examples adapted for the UTP or STP cable, for the 
POF (plastic optical fiber) cable and for both of these 
types will be described below. 

A physical-layer control LSI 1 shown in Fig. 6 is 



adapted for the UTP or STP cable. The physical-layer 
control LSI 1 is provided with a port 14 to which a socket 
2 of a 1 394 cable 5 is connected, and a port 1 8 to which 
a connector 3 of a UTP or STP cable (hereinafter re- 

s ferred to as "UTP/STP cable") is connected. The phys- 
ical-layer control LSI 1 includes circuits for performing 
the 1394 standard process, and circuits for performing 
a process for the above-described UTP or STP trans- 
mission, which correspond to the two ports 14 and 18. 

10 In the physical-layer control LSI 1 there is provided 
a 1 394 physical-layer protocol logic 1 1 . The 1 394 phys- 
ical-layer protocol logic 11 executes bus initializing, ar- 
bitration, and the various processes described with ref- 
erence to Figs. 1 A-1 D to Figs. 5A and 5B. 

15 a DS coding circuit 1 2 for performing the DS coding 
of sending data and the DS coding of received data is 
connected to the 1394 physical-layer protocol logic 11, 
and an analog circuit 1 3 for performing the level adjust- 
ment of the sending or received signal and so forth is 

20 connected to the DS coding circuit 12. The two circuits 
are ones for performing the 1 394 standard process. The 
analog circuit 13 is connected to the port 14, and the 
1394 socket 2 is connected to the port 14. 

A 4B/5B conversion circuit 1 5 for performing the 4B/ 

25 5B conversion of the sending data and the 5B/4B con- 
version of the received data is also connected to the 
1394 physical-layer protocol logic 11. An MLT-3 circuit 
16 for performing the MLT (multilevel transmission)^ 
coding of the sending data and the MLT-3 reverse con- 

30 version of the received data is connected to the 4B/5B 
conversion circuit 15, and an analog circuit 17 for per- 
forming the adjustment of sending/received-signal level 
and so forth is connected thereto. The analog circuit 17 
is connected to the port 1 8, and the UTP/STP connector 

35 3 is connected to the port 1 8 via an insulating transform- 
er 4. The MLT-3 circuit 16 performs voltage-level con- 
version based on three-valued logic, and gives a level 
change when bit "I" is input. The physical-layer control 
LSI 1 may consist of a single integrated circuit. However, 

io a portion shown by a dotted line in Fig. 6 may consist of 
another integrated circuit. Practically, it is possible to 
built the insulating transformer 4 into the UTP/STP con- 
nector 3. 

A physical-layer control LSI 31 shown in Fig. 7 is 
15 adapted for the POF cable. The physical-layer control 
LSI 31 is provided with a port 1 4 to which a socket 2 of 
a 1394 cable 5 is connected, and a port 19 to which a 
connector 33 (hereinafter referred to as a "POF connec- 
tor") of a POF cable 7 is connected. The connector 33 
so also has an optical linking function, and specifically has 
optical/electronic and electronic/optical converters for 
conversion between optical information and electrical 
information. The physical-layer control LSI 31 includes 
circuits for performing the 1394 standard process, and 
55 circuits for performing a process for the above-de- 
scribed POF-cable transmission, which correspond to 
the two ports 14 and 19. In order to perform the POF- 
cable transmission, an NRZI (non-return to zero invert- 
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ed on ones) coding circuit 20 is used instead of the MLT- 
3 circuit 16. The NRZI coding circuit 20 is a two-valued 
logical circuit in which input of bit "1 a performs inversion. 

A physical-layer control LSI 41 shown in Fig. 8 is 
adapted for the UTP or STP cable, and the POF cable. 
The physical-layer control LSI 41 is provided with a port 
14 to which a socket 2 of a 1394 cabfe is connected, 
and a port 21 to which both the UTP or STP cable and 
the POF cable are connected. The physical-layer con- 
trol LSI 41 includes an MLT-3 circuit 16 used for con- 
nection to the UTP or STP cable, and an NRZI coding 
circuit 20 used for connection to the POF cable, and fur- 
ther includes a connector detector 22 for connecting the 
type of connector connected to the port 21 . and first and 
second switches SW1 and SW2 which are controlled by 
the output of the connector detector 22. When the UTP 
or STP cable is connected to the port 21, both the first 
and second switches SW1 and SW2 are switched to the 
MLT-3 circuit 16. When the POF cable is connected to 
the port 21 , both the first and second switches SW1 and 
SW2 are switched to the NRZI coding circuit 20. 

The physical-layer control LSIs 1 s 31 and 41 accord- 
ing to the present invention have the foregoing struc- 
tures. Thus : when the 1 394 socket 2 is connected to the 
port 1 4 : the ON condition of the bias signal is transmitted 
by fixing TpA and TpA* at the high level as shown in 
Fig. 5A : and the data rate is transmitted based on the 
levels of TpB and TpB* as shown in Figs. 2A to 2C. 

In addition, when the UTP/STP connector 3 is con- 
nected to the port 18. when the POF connector 33 is 
connected to the port 19, and when the UTP/STP con- 
nector 3 or the POF connector 33 is connected to the 
port 21 , the ON condition of the bias signal is transmitted 
by sending the symbol different from the symbol "Q" as 
shown in Fig. 5B, and the data rate is transmitted based 
on the number of the symbols "S" to be sent in the prefix 
area of the 1 394 packet as shown in Fig. 3. 

Practically, there are a data line and a strobe line 
between the 1394 physical-layer protocol logic 11 and 
the DS coding circuit 12, and there are a data line and 
a control line between the 1394 physical-layer protocol 
logic 1 1 and the 4B/5B conversion circuit 1 5. The above- 
described JK, S. R and so forth are sent by the control 
line, using the Prefix region shown in Fig. 3, and the Q : 
I, H and so forth are sent by the control line, using the 
idle region shown in Fig. 3. The data is sent by the data 
line as shown in Figs. 1A to 1 D ; using the Data region 
shown in Fig. 3. Symbol "0" is sent as the "symbol (bit) 
being not used" shown in Figs. 1A to 1 D. The "symbol 
(bit) being not used" means that the symbol (bit) is not 
used in data transfer, in other words, it is not used as 
data to be transferred in the data region of the packet 
shown in Fig. 3. However, for other different uses, for 
example, the symbol (bit) can be used to send the con- 
trol data. 

Normally, in the IEEE 1394 the data-transmission 
rate, which changes momentarily, is dynamically 
changed using the JK and S. Accordingly, a time for 



sending symbols differs in accordance with each data 
rate. In addition, when sending or reception using the 
multi-purpose cable is performed, only blank portions 
are input under the influence of the rate as shown in 

5 Figs. 1A to 1D. Therefore, a bit arrangement adapted 
for the maximum rate needs to be considered. 

At least preferred embodiments of the present in- 
vention relate to a communication interface in which a 
data-transmission rate (hereinafter referred to as a n da- 

10 ta rate") is variable and a cable to be used is defined as 
in a communication interface based on the IEEE 1394 
standard, and in particular, to a technique for performing 
data communication with multi-purpose cables such as 
optical-fiber cables, UTP (unshielded twisted pair) ca- 

15 bles and STP (shielded twisted pair) cables. 



Claims 

20 1. A data communication method in which a plurality 
of electronic apparatuses provided with a commu- 
nication interface based on the IEEE 1 394 standard 
are connected by at least one type of cable among 
optical-fiber cables, unshielded-twisted pair (UTP) 

25 cables or shielded-twisted pair (STP) cables, and 
communication is performed among said electronic 
apparatuses. 

2. A data communication method according to Claim 
30 1 , wherein bits being not used at a low data rate to 

transfer data in a data packet to be transmitted are 
arranged on a data stream so as to be adapted for 
a plurality of data rates defined on the IEEE 1394 
serial bus. 

35 

3. A data communication method according to Claim 
1, wherein data rates are transmitted by sending 
one or more types of predetermined speed-control 
symbols by means of a data stream. 

40 

4. A data communication method according to Claim 
3, wherein the types of said data rates are transmit- 
ted based on the number of times for sending said 
speed-control symbols into said data stream. 

45 

5. A data communication method according to Claim 
1 5 wherein an effect equivalent to that of a bias sig- 
nal, defined in the IEEE 1394 standard, to be sup- 
plied to said cables is realized by sending predeter- 

50 mined control symbols. 

6. A data communication method according to Claim 
1 , wherein control symbols with small signal change 
are used instead of control symbols with strong sig- 

55 nal change in order to weaken unnecessary radia- 
tion in said UTP cable or said STP cable. 

7. An electronic apparatus provided with a terminal to 
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which a cable defined in the IEEE 1 394 standard is 
connected, and a terminal to which at least one type 
of cable among an optical-fiber cable, a UTP cable 
and an STP cable is connected. 

A data communication method in which, when an 
interface adapted for a data-communication system 
whose data rate is variable is used to perform data 
communication among a plurality of electronic ap- 
paratuses: a cable defined in said data-communi- 
cation system is used, 



10 



wherein said integrated circuit includes: 
a terminal to which a cable defined in said data- 
communication system is connected: and 
a terminal to which a multi-purpose cable dif- 
ferent from said cable defined in said data-com- 
munication system is connected. 



wherein, when a communication channel for 
performing the data communication using a 
multi-purpose cable different from said cable J 5 
defined in said data-communication system is 
used, the data communication is performed us- 
ing an arrangement of bits corresponding to the 
maximum data rate, and when said multi-pur- 
pose cable is used to perform the data commu- 20 
nication at a low data rate, a bit region being 
not used to transfer data in a data packet to be 
transmitted is arranged on a data stream so as 
to be adapted for the plurality of data rates. 

25 

9. A data communication method according to Claim 
8, wherein said interface is a communication inter- 
face based on the IEEE 1394 standard, and said 
multi-purpose cable is any one type of cable among 
an optical-fiber cable, a UTP cable and an STP ca- 30 
ble. 



10. A data communication method according to Claim 
8 : wherein said data rates are transmitted by send- 
ing one or more types of predetermined speed-con- 35 
trol symbols by means of said data stream. 

11. A data communication method according to Claim 
8, wherein the types of said data rates are transmit- 
ted based on the number of times for sending said 40 
one or more types of speed-control symbols into 
said data stream. 

12. A data communication method according to Claim 

8, wherein an effect equivalent to a bias signal de- 4 $ 
fined in said data-communication system to be sup- 
plied to said cable is realized by sending a prede- 
termined control symbol. 

13. A data communication method according to Claim so 
12, wherein, when said predetermined control sym- 
bol has a strong signal change, a control symbol 
with small signal change is used if necessary to 
weaken unnecessary radiation. 

55 

14. An integrated circuit formed in a physical layer 
based on an interface adapted for a data-commu- 
nication system whose data rate is variable, 
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